SUMMARY Systemic and regional hemodynamic responses to bilateral lesions of the nucleus tractus solitarii (NTS) were studied in a-chloralose-urethane anesthetized American Wistar rats (NR), Wistar-Kyoto rats (WKY), and spontaneously hypertensive rats (SHR) by microsphere methods. After NTS lesions, arterial pressure rose by virtue of increased total peripheral resistance in each strain. Cardiac output was lower in NR and WKY, but not in SHR. ID ail strains, vasoconstriction was nonuniformly distributed among the systemic vasculatures: hepatosplanchnlc, renal, and carcass (i.e. skin, skeletal muscle, bone, fat) vascular resistances were higher, but cerebral and coronary vascular resistance remained unchanged. There were some differences, however, in regional vascular responses to NTS lesions among tbese strains: carcass vasoconstriction was predominant in NR; it was less evident in SHR; and the WKY responses were intermediate. These results indicate that, although systemic hemodynamic responses were similar in these strains, and the reflex inhibition of central sympathetic outflow is not evidently deteriorated in SHR, the regional hemodynamics ( 1 ' a Acute arterial hypertension following bilateral NTS lesions in Sprague-Dawley rats has been associated with increased total peripheral resistance (TPR), reduced cardiac output (CO), 1 
B
ILATERAL lesions of the nucleus tractus solitarii (NTS) prevent the baroreceptor reflex centrally, resulting in severely elevated arterial pressure. 1 ' a Acute arterial hypertension following bilateral NTS lesions in Sprague-Dawley rats has been associated with increased total peripheral resistance (TPR), reduced cardiac output (CO), 1 and selectively distributed vasoconstriction in certain systemic vascular beds. 3 Przybylski and Trezbski 4 have reported significantly increased arterial pressure also in anesthetized spontaneously hypertensive rats (SHR). Since sympathetic nerve activity already appears to be increased in the SHR as compared with 362 their normotensive control, Wistar-Kyoto rats (WKY), 5 " 8 it was of great interest to compare the systemic and regional hemodynamic alterations involved in the overall pressor response in SHR and normotensive rats to bilateral NTS lesions.
Methods
Sixteen female SHR (8 NTS lesioned, 8 sham, 33 ± 1 weeks old), 12 female age-matched WKY (6 NTS lesioned, 6 sham), and 16 male American Wistar rats (NR) (8 NTS lesioned, 8 sham, 8 ± 0.2 weeks old) were used in this study. Each rat was anesthetized with a-chloralose (50 mg/kg, i.p.) and urethane (250 mg/kg, i.p.). The trachea was intubated, and the rat was allowed to breathe spontaneously. Cannulas (PE 50) were inserted into the abdominal aorta (for pressure recording and blood sampling), left ventricle (for microsphere injection), and superior vena cava (for blood reinfusion) through the femoral and right common carotid arteries and the external jugular vein, respectively. Arterial pressure was recorded on multichannel polygraph (Grass Model 7) through a Statham transducer (P 23 DC). Mean arterial pressure (MAP) was calculated from the sum of the diastolic pressure and one-third of the pulse pressure, and heart rate was determined from the arterial pulse wave.
Cardiac Output and Regional Blood Flow
Cardiac output (CO) and blood flow to each organ vasculature were measured by the reference sample and microsphere methods, techniques that have been reported in detail from this laboratory.*"" Blood sampling rate was set at 0.65 ml/min. Repeat determinations were performed before, 10 and 30 minutes after the placement of bilateral NTS lesions. The rat was killed by exsanguination at the termination of the study.
NTS Lesions
The obex was exposed by limited removal of the occipital bone, with the head fixed in a stereotaxic frame (David Kopf Instruments) and flexed (45° to the neck). A stainless steel monopolar electrode (external diameter 0.15 mm), bare at the tip (0.3 mm), was introduced stereotaxically (90° to the surface of the medulla oblongata) into one NTS (and then to the contralateral side), according to the following coordinates: anterior, at the level of the obex; lateral, 0.5 mm from the midline; depth, 0.5 mm from the surface of the medulla oblongata. Lesions were placed by passing 1.5 mA anodal DC current for 15 seconds, with a small (cathode) bar inserted into the anus. DC current was supplied by a stimulator (Grass Model S88B) through a constant current unit (Grass Model CCU-1). In sham group rats, the obex was exposed but the electrode was not inserted, to obviate mechanical destruction of any nuclei and difficult verification of insertion site without lesioning. Sham groups were studied to correct regional hemodynamic changes caused by serial injections of microspheres and the time course of the anesthesia.
Histological Studies
After fixation with 10% buffered formalin, frozen sections of the medulla oblongata (25 n thick at 200 n intervals) were made using a freezing microtome. Sections were mounted on agar-coated glass slides and stained with toluidine blue and basic Fuchsin. Lesions of NTS were then verified microscopically. Animals with lesions outside of the NTS were eliminated from the study. Representative lesion size was 0.8 X 0.4 mm.
Total Peripheral and Organ Vascular Resistances
Total peripheral resistance (TPR) and organ vascular resistances were calculated by dividing MAP by CO and corresponding organ blood flows, respectively. Vascular resistance in splanchnic organs (spleen, pancreas, stomach, small and large intestines) and liver were calculated as hepatosplanchnic resistance because portal venous pressure change was not measured.
Statistical Analysis
Comparison of variances between two groups was made by an F test. The appropriate t test for equal (p > 0.05 by F test) or unequal (p < 0.05 by F test) variances in the groups was used for statistical studies." Differences were considered statistically significant at the p < 0.05 confidence level.
Results
Prelesion control values of MAP and TPR were significantly greater in the SHR than in both normotensive strains (table 1) . Cardiac output was lower in SHR than in NR, but not than in WKY. However, there were not significant systemic hemodynamic differences between WKY and NR. Prelesion hepatosplanchnic and carcass (i.e., skin, skeletal muscle, bone, fat) flows were significantly lower in SHR than in other two control strains; and renal flow was higher in WKY than in the SHR or NR. Lung flow was higher in both normotensive strains with respect to the SHR (but was greater in WKY than in NR); this might be the result of some trapping of microspheres in the lung of WKY after passage through otherwise undetected peripheral arteriovenous shunts.
14 Nevertheless, all organ vascular resistances were higher in prelesion than in both normotensive strains; and renal vascular resistance was lower in WKY than in NR (table 1) .
Following bilateral NTS lesions, MAP and TPR was higher in all strains (table 2). Cardiac output was significantly lower in WKY and NR; but the output in SHR did not differ significantly. Heart rate slowed significantly only in SHR.
Significant changes in regional hemodynamics were found in all strains following NTS lesions (table 3) . Coronary flow was higher in WKY and NR; hepatosplanchnic flow was less in NR; and renal flow was less in both WKY and NR. Carcass flow was lower in WKY and NR. In contrast, only lung flow was less in SHR. Nevertheless, after NTS lesions, hepatosplanchnic, renal, and carcass vascular resistances were higher in all three strains. In SHR, pulmonary vascular resistances were also higher.
Proportionate changes of hepatosplanchnic, renal, and carcass vascular resistance were calculated as ratios of postlesion resistances to corresponding mean sham value (table 4). Proportionate change in renovascular resistance was greater in WKY and SHR, but carcass change was greater than the hepatosplanchnic in NR.
Discussion
The present study confirms the previous report that bilateral NTS lesions further increased arterial pressure in anesthetized SHR and normotensive rats. were higher in SHR, WKY, and NR than in their respective sham-lesioned controls; however, the change in renal vascular resistance was greater in SHR and WKY and the change in carcass vascular resistance was less in SHR. As a result, the hepatosplanchnic and renal vasculatures seemed to play a major role in the overall TPR change in SHR.
Recently, a number of studies have been concerned with NTS lesions in anesthetized rats.*' 18 Anesthesia is necessary to avoid the responses to environmental stimuli and postsurgical pain, but it may also produce certain hemodynamic alterations. As compared with our previous report involving conscious rats, 16 CO and cerebral, hepatosplanchnic, and renal blood flows seem to be somewhat reduced in anesthetized SHR and WKY. Therefore, the magnitude of hemodynamic responses we report herein might be smaller than in conscious animals. 1 In preliminary studies, an increased central venous pressure was not observed or was less than 1.5 cm H t O This rise in arterial pressure following the NTS lesions, therefore, was due to increased TPR in all strains -normotensive or hypertensive. This was also found in conscious, normotensive Sprague-Dawley rats 1 and dogs. 17 ' 1B The CO reduction in WKY and NR was also in agreement with previous findings in normotensive animals, 1 but this is the first report of the response of the cardiac output to NTS lesion in SHR. Indeed, CO was not significantly lower than that of sham-lesioned rats.
Following NTS lesions, the organ blood flow changes were particularly evident in both normotensive strains; cerebral and coronary flows tended to be higher, while hepatosplanchnic, renal, and carcass flows were lower. The results were similar to results in an earlier study from our laboratory in which a small dose of intravenous norepinephrine (10 jig/kg) markedly increased the distribution of CO to the brain and heart while fractional flows of skin, skeletal muscle, and kidney fell in conscious WKY.
1 " Moreover, Snyder et al.' also reported that, following NTS lesions, fractional flow to the heart increased but absolute flow was stable. As a result of these alterations in systemic blood flow distribution, changes in organ resistances were likewise nonuniform following bilateral NTS lesions. Hepatosplanchnic, renal, and carcass vascular resistances were higher in SHR, WKY, and NR; and in SHR and WKY, proportionate change of renal resistance was greater than that of the hepatosplanchnic or carcass vessels. This was not observed in NR. These findings underscore the importance of using an appropriate control (and preferably more than one) when reporting physiological or pharmacological differences between the SHR and normotensive control rats.
Change in TPR reflects the alterations in organ resistances. For assessment of the contribution of one organ's vascular change to the total systemic vascular change, expression of vascular conductance may be more convenient, since total conductance change is the sum of regional conductance changes.
1 ' This may be presented as a ratio of the regional to systemic conductance changes.
1 ' In the present study, conductance changes were obtained by subtracting corresponding sham mean conductance from postlesion mean conductance values. Thus, in the SHR, the mean carcass, hepatosplanchnic, and renal contributions were 46%, 21%, and 25%, respectively, at 30 minutes postlesion. In contrast, the NR carcass, hepatosplanchnic, and renal vasculatures contributed 67%, 19% and 13%, respectively, to the systemic change 30 minutes postlesion. In the WKY, carcass, hepatosplanchnic, and renal contributions were 58%, 17%, and 24%, respectively, 30 minutes postlesion. These results indicate that reflex inhibition of sympathetic nerve outflow from the central nervous system was not markedly altered in SHR, and inhibition of baroreceptor reflex by NTS lesions resulted in similar responses to those observed in both normotensive strains. This finding seems to be consistent with a recent report by Judy and Farrell 8 that sympathetic nerve activity remains greater in SHR than in WKY following inhibition of baroreceptor reflex and that this greater sympathetic nerve activity may result from central resetting rather than from dysfunction of baroreceptor reflex. However, the present study also indicates that there are some differences in certain regional vascular responses to bilateral NTS lesions among the SHR, WKY, and NR.
